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ABSTRACT: 

PROBLEM TO BE SOLVED: To ensure output at time of backward 
travel in a 

parallel -hybrid vehicle having no reversing mechanism in its 
transmission. 

SOLUTION: A control device for a parallel -hybrid vehicle 
which travels backward 

by releasing a clutch 3 to reverse a second motor 4, is 
provided with a 

propulsion mechanism, in which an engine 2 and a first motor 
1 are connected to 

the input shaft of the clutch 3, the second motor 4 and the 
input shaft of a 

continuously variable transmission 5 are connected to the 
output shaft of the 

clutch 3, and power is transmitted from the output shaft of 
the continuously 
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variable transmission 5 to driving wheels 8, and a battery 15 
for performing 

acceptance and delivery of electric power between the first 
motor 1 and the 

second motor 4. Further, a capacity detecting means 16 for 
detecting the 

possible output capacity of the battery 15, and a power 
generation control 

means 16 which starts power generation by driving the first 
motor 1 by means of 

the engine 2 when the detected value of the possible output 
capacity during 

backward reaches a preset threshold value or less, are 
provided. Power to be 

supplied to the second motor 4 for vehicle- travelling , at the 
time of backward 

travelling, can thus be ensured, and it can be prevented that 
the output of the 

second motor 4 does not meet the required output. 
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(54) CONTROL DEVICE FOR PARALLEL-HYBRID VEHICLE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To ensure output at time of backward travel in a 
parallel-hybrid vehicle having no reversing mechanism in its transmission. 
SOLUTION: A control device for a parallel-hybrid vehicle which travels backward by 
releasing a clutch 3 to reverse a second motor 4, is provided with a propulsion 
mechanism, in which an engine 2 and a first motor 1 are connected to the input shaft of 
the clutch 3, the second motor 4 and the input shaft of a continuously variable 
transmission 5 are connected to the output shaft of the clutch 3, and power is transmitted 
from the output shaft of the continuously variable transmission 5 to driving wheels 8, 
and a battery 15 for performing acceptance and delivery of electric power between the 
first motor 1 and the second motor 4. Further, a capacity detecting means 16 for 
detecting the possible output capacity of the battery 15, and a power generation control 
means 1 6 which starts power generation by driving the first motor 1 by means of the 
engine 2 when the detected value of the possible output capacity during backward 
reaches a preset threshold value or less, are provided. Power to be supplied to the second 
motor 4 for vehicle-travelling, at the time of backward travelling, can thus be ensured , 
and it can be prevented that the output of the second motor 4 does not meet the required 
output. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention improves the power generation control at the time of 

go-astern about the control unit of parallel hybrid vehicles. 

[0002] 

[Description of the Prior Art] By the parallel hybrid vehicles it runs with the driving force of an engine and/or a motor, it can go 
astern by omitting the reverser style of a change gear and reversing a motor. In this case, although power is supplied to a motor 
from a dc-battery, when the output capacitance of a dc-battery is low, it generates electricity with a generator, and power is 
supplied to a motor from a generator. 

[0003] However, unless parallel hybrid vehicles grasp the situation of a dc-battery correctly and it controls operation of a 
generator and a halt to the top where the rated capacity of a dc-battery is small in going astern by the motor since the rated output 
of a generator is smaller than the rated output of a motor, they may be unable to fill a demand output. 

[0004] The purpose of this invention is to secure the output at the time of the go-astern in the parallel hybrid vehicles which do 

not have a reverser style in a change gear. 

[0005] 

[Means for Solving the Problem] If it matches with drawing 1 and drawing 2 which show the composition of the form of 1 
operation and this invention is explained (1) Invention of a claim 1 While connecting an engine 2 and the 1st motor 1 with the 
input shaft of a clutch 3 The screw style which connects the input shaft of the 2nd motor 4 and a nonstep variable speed gear 5 
with the output shaft of a clutch 3, and tells power to a driving wheel 8 from the output shaft of a nonstep variable speed gear 5, 
It has the dc-battery 15 which delivers and receives power between the 1st motor 1 and the 2nd motor 4. A capacity detection 
means 16 to be the control unit of the parallel hybrid vehicles which open a clutch 3 wide and go astern by the inversion of the 
2nd motor 4, and to detect the output possible capacity of a dc-battery 15, If an output possible-capacity detection value turns 
into below the threshold set up beforehand at the time of go-astern, it will have the power generation control means 16 which 
drive the 1 st motor 1 with an engine 2, and start power generation, and this will attain the above-mentioned purpose. 

(2) The control unit of the parallel hybrid vehicles of a claim 2 detects output possible capacity by the capacity detection means 
16 based on the temperature, SOC, and current of a dc-battery 15 at least. 

(3) The control unit of the parallel hybrid vehicles of a claim 3 is equipped with an accelerator detection means 22 to detect the 
amount of treading in of an accelerator pedal, and it is made to enlarge a threshold by the power generation control means 1 6, so 
that the amount of treading in of an accelerator pedal is large. 

(4) If SOC of a dc-battery 15 becomes beyond a predetermined value, make it the control unit of the parallel hybrid vehicles of a 
claim 4 stop power generation by the 1st motor 1 by the power generation control means 16. 

[0006] Although drawing of the form of 1 operation was used by the term of a The means for solving a technical problem 
mentioned above in order to give explanation intelligible, thereby, this invention is not limited to the form of 1 operation 
[0007] 

[Effect of the Invention] (1) Since the 1st motor is driven with an engine and power generation was started when the output 
possible-capacity detection value of a dc-battery turned into below the threshold set up beforehand at the time of go-astern 
according to invention of a claim 1, the power supplied to the 2nd motor for a run at the time of go-astern can be secured, and it 
can prevent that it becomes impossible for the output of the 2nd motor to fill a demand output. 

(2) According to invention of a claim 2, since output possible capacity was detected based on the temperature, SOC, and current 
of a dc-battery at least, the situation of the dc-battery at the time of go-astern can be grasped correctly, the power which this 
supplies to the 2nd motor for a run at the time of go-astern can be secured, and it can prevent that it becomes impossible for the 
output of the 2nd motor to fill a demand output. 

(3) Power generation can be started so a little early that a demand output is large since according to invention of a claim 3 it was 
made to enlarge a threshold so that the amount of treading in of an accelerator pedal was large, even if a demand output is large 
at the time of go-astern, the power supplied to the 2nd motor for a run can be secured, and it can prevent [ that it becomes 
impossible for the output of the 2nd motor to fill a demand output, and ]. 

[0008] 

[Embodiments of the Invention] Drawing 1 is drawing showing the composition of the form of 1 operation. In drawing, a thick 
solid line shows the transfer path of mechanical power, and a thick dashed line shows the power line. Moreover, a narrow solid 
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line shows the control line and the double line shows a hydraulic system. The power train of these vehicles consists of a motor 1, 
an engine 2, a clutch 3, a motor 4, a nonstep variable speed gear 5, a reduction gear 6, a differential gear 7, and a driving wheel 
8. The output shaft of a motor 1, the output shaft of an engine 2, and the input shaft of a clutch 3 are connected mutually, and the 
output shaft of a clutch 3, the output shaft of a motor 4, and the input shaft of a nonstep variable speed gear 5 are connected 
mutually. 

[0009] An engine 2 and a motor 4 serve as a source of promotion of vehicles at the time of clutch 3 conclusion, and only a motor 
4 serves as a source of promotion of vehicles at the time of clutch 3 release. The driving force of an engine 2 and/or a motor 4 is 
transmitted to a driving wheel 8 through a nonstep variable speed gear 5, a reduction gear 6, and a differential gear 7. A pressure 
oil is supplied to a nonstep variable speed gear 5 from a hydraulic system 9, and the clamp and lubrication of a belt are made. 
The oil pump (un-illustrating) of a hydraulic system 9 is driven by the motor 1 0. 

[0010] Motors 1, 4, and 10 are AC machines, such as a three phase synchronous motor or a three-phase induction motor, a motor 
1 is mainly used for engine starting and power generation, and a motor 4 is mainly used for promotion and braking of vehicles. 
Moreover, a motor 10 is an object for the oil-pump drive of a hydraulic system 9. In addition, not only an AC machine but a 
direct current motor can also be used for motors 1, 4, and 10. Moreover, at the time of clutch 3 conclusion, a motor 1 can also be 
used for promotion and braking of vehicles, and a motor 4 can also be used for engine starting or power generation. 
[001 1] A clutch 3 is a powder clutch and can adjust transfer torque. In addition, a dry type single plate clutch and a wet multiple 
disc clutch can also be used for this clutch 3. Nonstep variable speed gears 5 are nonstep variable speed gears, such as a belt 
formula and a toroidal formula, and can adjust a change gear ratio on a stepless story. 

[0012] Motors 1, 4, and 10 are driven with inverters 11, 12, and 13, respectively. In addition, in using a direct current motor for 
motors 1, 4, and 10, it uses a DC/DC converter instead of an inverter. It connects with the main dc-battery 15 through the 
common DC link 14, and inverters 11-13 change the alternating current generated output of motors 1 and 4 into a direct current 
power, and charge the main dc-battery 15 while they change the direct-current charge power of the main dc-battery 15 into ac 
power and supply it to motors 1, 4, and 10. In addition, since the inverters 1 1-13 of each other are connected through the DC link 
14, the power generated by the motor under regeneration operation can be directly supplied to the motor under power running, 
without minding the main dc-battery 15. A lithium ion battery, a nickel hydoride battery, a lead cell, etc. can be used for the main 
dc-battery 15. 

[0013] A controller 16 is equipped with a microcomputer, its periphery article, various actuators, etc., and controls the change 
gear ratio of the rotational speed of an engine 2, an output torque, the transfer torque of a clutch 3, the rotational speed of motors 
1, 4, and 10 and an output torque, and a nonstep variable speed gear 5 etc. 

[0014] As shown in drawing 2 , a key switch 20, the selection lever switch 21, the accelerator sensor 22, the brake switch 23, the 
vehicle speed sensor 24, the dc-battery thermo sensor 25, dc-battery SOC detection equipment 26, the engine rotation sensor 27, 
the throttle opening sensor 28, and a current sensor 29 are connected to a controller 16. If the key of vehicles is set as ON 
position or a START position, the closed circuit of the key switch 20 will be carried out (ON or ON, and an open circuit are 
hereafter called OFF or OFF for the closed circuit of a switch). According to the setting position of the selection lever 
(un-illustrating) which switches Parking P, neutral N, Reverse R, and Drive D, the switch of P, N, R, or D turns on the selection 
lever switch 2 1 . 

[0015] The accelerator sensor 22 detects the amount theta of treading in of an accelerator pedal (accelerator opening), and the 
brake switch 23 detects the treading- in state (switch ON at this time) of a brake pedal. The vehicle speed sensor 24 detects the 
rolling-stock-run speed V, and the dc-battery thermo sensor 25 detects the temperature Tb of the main dc-battery 15. Moreover, 
dc-battery SOC detection equipment 26 detects the charge state (hereafter referred to as SOC (State Of Charge)) of the main 
dc-battery 15. Furthermore, the engine rotation sensor 27 detects the rotational speed Ne of an engine 2, and the throttle opening 
sensor 28 detects throttle-valve opening thetath of an engine 2. A current sensor 29 detects the current lb which flows to the main 
dc-battery 15. 

[0016] The fuel injection equipment 30 of an engine 2, an ignition 3 1, the valve timing adjustment 32, etc. are connected to a 
controller 16 again. A controller 16 controls an ignition 3 1 and lights an engine 2 while it controls a fuel injection equipment 30 
and adjusts supply, a halt, and fuel oil consumption of the fuel to an engine 2. Moreover, a controller 16 controls the valve 
timing adjustment 32, and adjusts the closed time of the inhalation-of-air bulb of an engine 2. In addition, a power supply is 
supplied to a controller 16 from the low-pressure auxiliary dc-battery 33. 

[0017] Drawing 3 and drawing 4 are drawings showing the example of arrangement of a power train. The motor 1 of the input 
side of a clutch 3 and arrangement of an engine 2 may arrange a motor 1 for the upstream of an engine 2, as shown in drawing 3 , 
and as shown in drawing 4 , they may arrange a motor 1 on the lower stream of a river of an engine 2 . While the output shaft of 
an engine 2 is directly linked with the input shaft of a clutch 3 and one shaft constitutes from the example of arrangement shown 
in drawing 3 , the output shaft of an engine 2 is connected with the output shaft, belt, and gearing of a motor 1. Moreover, the 
rotor of a motor 1 is penetrated, the output shaft of an engine 2 is directly linked with the input shaft of a clutch 3, and one shaft 
constitutes the input side of a clutch 3 from the example of arrangement shown in drawing 4 . 

[0018] On the other hand, the motor 4 of the output side of a clutch 3 and arrangement of a nonstep variable speed gear 5 may 
arrange a motor 4 for the upstream of a nonstep variable speed gear 5, as shown in drawing 3 , and as shown in drawing 4 , they 
may arrange a motor 4 on the lower stream of a river of a nonstep variable speed gear 5. The rotor of a motor 4 is penetrated, the 
output shaft of a clutch 3 is directly linked with the input shaft of a nonstep variable speed gear 5, and one shaft constitutes the 
output side of a clutch 3 from the example of arrangement shown in drawing 3 . Moreover, the input shaft of a nonstep variable 
speed gear 5 is penetrated, the output shaft of a clutch 3 is directly linked with the output shaft of a motor 4, and one shaft 
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constitutes the output side of a clutch 3 from the example of arrangement shown in drawing 4 . A motor 4 is connected with the 
input shaft of a nonstep variable speed gear 5 by any case. 

[0019] In addition, while arrangement of a power train is not limited to the example of arrangement shown in drawing 3 and 
drawing 4 but connecting an engine 2 and a motor 1 with the input shaft of a clutch 3, as long as it is the screw style which 
connects the input shaft of a motor 4 and a nonstep variable speed gear 5 with the output shaft of a clutch 3, and tells power to a 
driving wheel 8 through a reduction gear 6 and a differential gear 7 from the output shaft of a nonstep variable speed gear 5, 
what arrangement is sufficient as each device. 

[0020] Drawing 5 shows the example of arrangement of the power train which used toroidal one CVT to a nonstep variable 
speed gear. Even when toroidal one CVT is used for a nonstep variable speed gear 5, you may arrange whichever a motor 4 and 
toroidal [ CVT / 5 ] to a clutch 3 side. However, a motor 4 is connected with the input shaft of a nonstep variable speed gear 5 by 
any case. 

[0021] Drawing 6 is a flow chart which shows the power generation control at the time of go-astern. This flow chart explains 
operation of the form of 1 operation. A controller 16 performs this power generation control by the predetermined time interval, 
while the key switch 20 is set as ON position. In Step 1, the reverse switch R of the selection lever switch 21 turns on, or it 
checks whether go-astern is chosen by the selection lever, and if go-astern is not chosen, this power generation control is ended. 
[0022] When go-astern is chosen, it progresses to Step 2, and the output possible capacity C of the main dc-battery 15 is 
calculated. The output possible capacity C measures and map-izes output possible capacity when the temperature of the main 
dc-battery 15, SOC, current, etc. change beforehand, and memorizes it in memory. And the table search operation of the output 
possible capacity C corresponding to the dc-battery current lb detected by SOC of the main dc-battery 15 detected with the 
temperature Tb of the main dc-battery 15 detected by the dc-battery thermo sensor 25 at the time of go-astern of vehicles and 
dc-battery SOC detection equipment 26 and the current sensor 29 is carried out. In addition, output possible capacity becomes 
large, so that there is so little current that SOC is generally so large that temperature becomes high. 

[0023] Step 3 compares the output possible capacity C with threshold K. This threshold K is a threshold forjudging whether 
power generation is started, when the output possible capacity C is below threshold K, it progresses to Step 4, drives the motor 1 
for power generation with an engine 2, and starts power generation. On the other hand, the output possible capacity C returns to 
Step 1, when larger than threshold K, and it repeats the above-mentioned processing. 

[0024] Drawing 7 is drawing showing the output characteristics of a motor 1 and a motor 4. Power generation by the motor 1 for 
power generation is performed as follows. When the output of the motor 4 for a run is below a rated (continuation) output of the 
motor 1 for power generation, the rotational frequency of an engine 2 is adjusted so that the operating point of the motor 1 for 
power generation may turn into the maximum efficiency point. Moreover, when the output of the motor 4 for a run is larger than 
the rated output of the motor 1 for power generation and smaller than the maximum output, according to the winding temperature 
of the motor 1 for power generation, an output is restricted gradually, and, finally the operating point of the motor 1 for power 
generation is shifted to the maximum efficiency point on a rated output line. Furthermore, when the output of the motor 4 for a 
run is more than the maximum output of the motor 1 for power generation, the motor 1 for power generation is first operated 
with the maximum output, an output is gradually restricted according to the winding temperature of the motor 1 for power 
generation, and, finally the operating point of the motor 1 for power generation is shifted to the maximum efficiency point on a 
rated output line. 

[0025] Dc-battery SOC detection equipment 26 detects SOC of the main dc-battery 15 at Step 5 after a power generation start, 
and continuing Step 6 compares a SOC detection value with threshold SOC1. This threshold SOC1 is a threshold forjudging a 
power generation end, when a SOC detection value is smaller than threshold SOC1, it returns to Step 5, continues charge of the 
main dc-battery 15, and waits for recovery of SOC. On the other hand, if a SOC detection value is set to one or more threshold 
SOCs, it will progress to Step 7, and power generation by the motor 1 for power generation is stopped. 

[0026] Usually, by parallel hybrid vehicles, at the time of advance, if operation and a halt of a generator are controlled and SOC 
falls only by SOC of a dc-battery while running with the driving force of a motor and/or an engine, it will generate electricity by 
driving a generator with an engine, and a dc-battery is charged. Since the go-astem by the driving force of an engine cannot be 
performed, when the output of a dc-battery declines, it becomes impossible however, for the output of the motor for a run to fill a 
demand output with the parallel hybrid vehicles which do not have a reverser style in a change gear. Therefore, at the time of 
go-astern, the situation of a dc-battery must be grasped more to accuracy, and operation and a halt of a generator must be 
controlled by it. It can prevent [ that it becomes impossible to secure the power supplied to the motor 4 for a run at the time of 
go-astem, and for the output of the motor 4 for a run to fill a demand output with the gestalt of this operation since power 
generation was started when falling below to threshold K which supervised the output possible capacity C of the main dc-battery 
15, and the output possible capacity C set up beforehand at the time of go-astern, and ]. 

[0027] Modification» of the gestalt of 1 implementation of «invention Although the gestalt of 1 operation mentioned above 
showed the example which judges whether power generation is started as compared with threshold K of the fixation which set up 
beforehand the output possible capacity C of the main dc-battery 15, the modification which started power generation so a little 
early that the accelerator opening theta is large since the accelerator opening theta expresses the demand output to the motor 4 
for a run is explained. 

[0028] Drawing 8 shows threshold K' of the dc-battery output possible capacity C forjudging a power generation start. In this 
modification, threshold K' is enlarged, so that the accelerator opening theta is large, and even if the output possible capacity C of 
the main dc-battery 15 is large, power generation is started. 

[0029] Drawing 9 is a flow chart which shows the power generation control at the time of go-astern of a modification. This flow 
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chart explains operation of a modification. In addition, the same step number is attached to the step which performs processing 
shown in drawing 6 , and same processing, and it explains focusing on difference. In Step 1 1, the accelerator sensor 22 detects 
the accelerator opening theta, and threshold K' corresponding to the accelerator opening theta is read from the map shown in 
drawing 8 beforehand memorized at continuing Step 12. step 3A — the output possible capacity C of the main dc-battery 15 -- 
below threshold K' ****** j u _g m g __ threshold K' — in the following cases, it progresses to Step 4 that power generation 
should be started, otherwise, they return to Step 1 

[0030] Thus, since threshold K' of the output possible capacity C forjudging a power generation start was enlarged, and the 
accelerator opening theta started power generation even if the output possible capacity C was large when large so that the 
accelerator opening theta was large Power generation can be started so a little early that a demand output is large, even if a 
demand output is large at the time of go-astern, the power supplied to the motor 4 for a run can be secured, and it can prevent 
that it becomes impossible for the output of the motor 4 for a run to fill a demand output. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] The screw style which connects the input shaft of the 2nd motor and a nonstep variable speed gear with the output 
shaft of the aforementioned clutch, and tells power to a driving wheel from the output shaft of the aforementioned nonstep 
variable speed gear while connecting an engine and the 1 st motor with the input shaft of a clutch, It has the dc-battery which 
delivers and receives power between the 1st motor of the above, and the 2nd motor of the above. A capacity detection means to 
be the control unit of the parallel hybrid vehicles which open the aforementioned clutch wide and go astern by the inversion of 
the 2nd motor of the above, and to detect the output possible capacity of the aforementioned dc-battery, The control unit of the 
parallel hybrid vehicles characterized by having the power generation control means which drive the 1st motor of the above with 
the aforementioned engine, and start power generation if an output possible-capacity detection value turns into below the 
threshold set up beforehand at the time of go-astern. 

[Claim 2] It is the control unit of the hybrid vehicles characterized by the aforementioned capacity detection means detecting 
output possible capacity in the control unit of parallel hybrid vehicles according to claim 1 based on the temperature, SOC, and 
current of the aforementioned dc-battery at least. 

[Claim 3] It is the control unit of the parallel hybrid vehicles which are equipped with an accelerator detection means to detect 
the amount of treading in of an accelerator pedal, in the control unit of parallel hybrid vehicles according to claim 1 or 2, and are 
characterized by the aforementioned power generation control means enlarging the aforementioned threshold, so that the amount 
of treading in of an accelerator pedal is large. 

[Claim 4] The aforementioned power generation control means are the control units of the parallel hybrid vehicles characterized 
by stopping power generation by the 1st motor of the above if SOC of the aforementioned dc-battery becomes in the control unit 
of parallel hybrid vehicles given in one term of the claims 1-3 beyond a predetermined value. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the composition of the gestalt of 1 operation. 

[Drawing 2] It is drawing following drawing 1 showing the composition of the gestalt of 1 operation. 

[Drawing 3] It is drawing showing the example of arrangement of the power train of the gestalt of 1 operation. 

[Drawing 4] It is drawing showing other examples of arrangement of the power train of the gestalt of 1 operation. 

[Drawing 51 It is drawing showing other examples of arrangement of the power train of the gestalt of 1 operation. 

[Drawing 61 It is the flow chart which shows power generation control of the gestalt of 1 operation. 

[Drawing 7] It is drawing showing the output characteristics of the motor for power generation, and the motor for a run. 

[Drawing 8] It is drawing showing the threshold of the dc-battery output possible capacity forjudging a power generation start. 

[Drawing 91 It is the flow chart which shows power generation control of the modification of invention. 

[Description of Notations] 

1,4, 10 Motor 

2 Engine 

3 Clutch 

5 Nonstep Variable Speed Gear 

6 Reduction Gear 

7 Differential Gear 

8 Driving Wheel 

9 Hydraulic System 
11-13 Inverter 

14 DC Link 

15 Main Dc-battery 

16 Controller 

20 Key Switch 

2 1 Selection Lever Switch 

22 Accelerator Sensor 

23 Brake Switch 

24 Vehicle Speed Sensor 

25 Dc-battery Thermo Sensor 

26 Dc-battery SOC Detection Equipment 

27 Engine Rotation Sensor 

28 Throttle Opening Sensor 

29 Current Sensor 

30 Fuel Injection Equipment 

3 1 Ignition 

32 Valve Timing Adjustment 

33 Auxiliary Dc-battery 
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